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Abstract 

Aim: There are studies indicating an increase in cytokine levels at the cellular level during the progression of 
adrenocortical masses and their development into cancer. Additionally, it is known that neutrophil migration 
and platelet activity play fundamental roles in the immune response, which has anti-tumor effects in all organs. 
Therefore, this study aims to investigate whether peripheral blood parameters such as the Neutrophil-to-Lym- 
phocyte Ratio (NLRJ, Platelet-to-Lymphocyte Ratio (PLR), and Lymphocyte-to-Monocyte Ratio (LMR) serve as 
decisive factors related to the pathological outcomes of adrenocortical lesions. 
aterial and Methods: This study was conducted retrospectively by reviewing the records of 37 patients who 
underwent open or laparoscopic adrenalectomy for adrenal masses at a tertiary center between 2015 and 
2020. Patients were categorized based on pathology results into adenoma, non-adenomatous benign lesions, 
metastatic lesions, pheochromocytoma, and primary malignant tumors (malignant (n=11), benign (n=26)). The re- 
ationship between lesion size and neutrophil, NLR, LMR, and PLR values among these five groups was examined. 
Results: A statistically significant positive correlation was observed between lesion size and NLR and neutrophil 
values (r=0.396, p=0.017 and r=0.361, p=0.030, respectively). Additionally, it was found that NLR values were ele- 
vated at non-statistically significant levels in adrenocortical cancers (p=0460). 

Discussion: In our study, a positive correlation was established between lesion size and NLR and neutrophil 
values. We anticipate that during the perioperative period, insights into the nature of the lesion can be gained 


po1104328/ECAM10072 by considering hematological parameters. 
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Introduction 

Adrenocortical masses are rare lesions among the spectrum of 
endocrine tumors (1). Adrenocortical malignant lesions, on the other 
hand, account for approximately 0.02% to 0.2% of cancer-related 
deaths and are reported to have a poor prognosis (2). Some scoring 
systems and genetic panels are used as prognostic indicators 
alongside the evaluation of surgical specimens (3). Hematological 
parameters reflecting alterations in leukocyte, neutrophil, and platelet 
levels serve as indicators of systemic inflammation (4). They also serve 
as indicators of the immune system and chronic inflammation. Various 
studies have shown that cytokine levels increase at the cellular level 
during the progression of adrenal masses and their development into 
cancer (5). Additionally, it is known that neutrophil migration plays 
fundamental roles in the immune response with anti-tumor activity in 
all organs (6). However, the presence and relationship of inflammation 
and the immune system in the process of adrenal neoplasia have not 
yet been clearly defined. While there are many markers that reflect 
the complex nature of inflammation and the immune system in various 
aspects, hematological parameters are easily accessible and among 
the fundamental markers (7). 

Neutrophil-to-Lymphocyte Ratio (NLR),  Platelet-to-Lymphocyte 
Ratio (PLR), and Lymphocyte-to-Monocyte Ratio (LMR) obtained 
from peripheral blood samples have been shown to be potentially 
associated with prognosis in various cardiovascular diseases, 
inflammatory diseases, and malignancies (8,9,10). For example, NLR has 
been identified as a positive predictive value for breast, prostate, and 
colorectal cancers and can be obtained at a low cost (11,12). While NLR 
and PLR ratios are frequently used in a prognostic context for many 
diseases, there is currently a lack of sufficient research investigating 
these values in adrenal masses and different adrenal lesion groups, 
both with and without adrenal masses. 

Based on these considerations, our study aimed to investigate whether 
peripheral blood parameters such as NLR, PLR, and LMR (lymphocyte- 
to-monocyte ratio) serve as decisive factors for the pathological 
examination results of adrenocortical lesions. 


Material and Methods 

Ethical approval was obtained before the commencement of the study 
(16. 02. 2021/ 04). In this study, records of patients who underwent open 
or laparoscopic adrenalectomy for adrenal masses at a tertiary center's 
general surgery clinic between 2015 and 2020 were retrospectively 
reviewed. Patients’ clinical characteristics, findings, sociodemographic 
features, and operation notes were accessed from file records and the 
electronic database. 

Parameters assessed and included in the analysis for all patients in 
this research were as follows: medical history, medication use, smoking 
status, personal background, other physical examination findings, and 
previous laboratory results (routine complete blood count evaluation, 
laboratory tests associated with possible diseases). When evaluating 
hemogram parameters, the values obtained within the latest 2 weeks 
before adrenalectomy were considered. Patients were categorized into 
five groups based on pathology results: adenoma, non-adenomatous 
benign lesions, metastatic lesions, pheochromocytoma, and primary 
malignant tumors. The results of the study patients were evaluated, and 
groups were compared in terms of lesion size, neutrophil, lymphocyte 
and platelet counts and; NLR, PLR, and LMR values. 

Exclusion Criteria 

Patients with immunosuppression, active infections, recent blood 
transfusions, or ongoing chemotherapy were excluded from the study. 
Statistical Evaluation 

Descriptive values of quantitative continuous variables (such as 
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age) were examined using standard descriptive statistical methods 
(arithmetic mean, standard deviation, median). Categorical variables 
(frequency of occurrence) were presented with frequencies and 
percentages of the total. The evaluation of quantitative measurements 
was performed using Student's t-test or the Wilcoxon signed-rank test 
according to the distribution characteristics of the data. Comparisons 
of categorical variables were made using Chi-square or Fisher's Exact 
test depending on the distribution of case distributions. Correlations 
between analysis variables were evaluated using linear regression 
models. 

Ethical Approval 

Ethics Committee approval for the study was obtained. 


Results 

It was determined that 48.6% of the patients (n=18] were female, and 
514% (n=39) were male. Furthermore, 48.6% of the patients (n=18) had 
adenomas, 16.2% ({n=6) had metastatic lesions, 10.8% (n=4) had non- 
adenomatous benign lesions, 10.8% (n=4) had pheochromocytoma, and 
13.5% (n=5) were diagnosed with primary malignant tumors. Additionally, 
it was found that 70.3% of the patients (n=26) had benign tumors, while 
29.7% (n=11} had malignant tumors. The average age of the patients was 
53.65+11.82. Sociodemographic data of the patients are summarized in 
Table 1. 

The patients had an average neutrophil count of 5.28+2.33, platelet 
count of 28213+128.54, NLR value of 3.00+1.80, PLR value of 15113+73.34, 
LMR value of 4.75+6.89, and lesion diameter of 38.94+18.77. The clinical 
and hematological parameters of the patients are presented in Table 2. 
The correlation between lesion diameter, neutrophil and platelet 


Table 1. Demographics variables of the patients. 


N (%) or Mean+SD 


Variables 


53,65+11,82 


Female 48,6) 


Male 514) 
Groups 

Adenoma 48,6) 
Metastatic lesion 6 (16,2 
Non-adenoma bening lesion 4 (10,8. 
Pheochromocytoma 10,8 
Primary malignant lesion 5 (13,5 


Benign (70,3) 


Malign 297 


SD: Standard deviation 


Table 2. Laboratory parameters of the patients. 


Mean+SD 


Variables 


NLR 3,00+1,80 

PLT (K/uL) 282,132128,54 
LMR 475+6,89 
Neutrophil (K/uL) 5284233 
Diameter (mm) 38,94+18.77 
PLR 151,13473,34 
NLR: Neutrophil/lymphocyte ratio, PLT: Platelet, LMR: Lymphocyte/monocyte ratio, 
PLR: Platelet/lymphocyte ratio 
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Table 3. Correlation between diameter of the lesion, NLR, PLT, LMR and 
Neutrophil values. 


Preoperative Diameter NLR PLT LMR Neutrophil PLR 
Diameter r 1 
r 0,396 
NLR i 
0,017 
r 0,071 0,006 
PLT 1 
0,681 0,973 
r -0,279 -0,726" 0,003 
LMR 1 
p 0,099 <0,001 0,986 
r 0,361" 0,656** 0,402" -0,647" 
Neutrophil 1 
p 0,03 <0,001 0,015 <0,001 
r 0.237 0,707" 0413" -0.370" 0,331" 
PLR 1 
0.164 <0.001 0.012 0.012 0.049 
“Correlation is significant at the 0.05 level (Spearman correlation test), **Correlation is significant at 


the 0.01 level (Spearman correlation test). NLR: Neutrophil/lymphocyte ratio, PLT: Platelet, 
LMR: Lymphocyte/monocyte ratio, PLR: Platelet/ lymphocyte ratio. P values < 0.05 are statistically 
significant. 


counts, NLR, PLR, LMR is shown in Table 3. A statistically significant 
positive correlation was found between lesion diameter and NLR 
values (r=0.396, p=0.017). However, there was no statistically significant 
relationship between lesion diameter and platelet values (r=0.071, 
p=0.681), PLR (r=0.237, p=0.164), and LMR (r=-0.279, p=0.099) values. A 
positive statistically significant difference was found between lesion 
diameter and neutrophil values (r=0.361, p=0.030). 

When comparing the mean values of neutrophil counts (p=0400) and 
platelet counts (p=0430), NLR (p=0.292), LMR (p=424), and PLR (p=0.305) 
between the groups, no statistically significant difference was 
observed. Similarly, there was no statistically significant difference in 
neutrophil counts (p=0.668), platelet counts (p=0.164), NLR (p=460), LMR 
(p=0.204), and PLR (p=0440) values among all groups. 


Discussion 
The existing findings in the literature strongly indicate a notable 
correlation between neutrophils, specifically NLR and PLR, with 
adverse outcomes observed across a spectrum of cancer types 
(13). This intriguing relationship raises a debate about the intricate 
interplay between inflammation and cancer pathogenesis. It has been 
hypothesized that cancer frequently emerges within environments 
marked by persistent inflammation, characterized by the presence 
of immune cells releasing various factors that not only sustain the 
inflammatory milieu but also fuel the proliferation of tumor cells (4,5). 
This hypothesis underpins the theory that inflammation plays a pivotal 
role in the initiation and progression of cancer. 

Nevertheless, the functional dynamics and mechanisms governing the 
interconnection between inflammation and cancer have remained a 
focal point of scientific inquiry for a considerable period. Researchers 
and clinicians have sought to elucidate the intricate web of interactions 
between the immune system and tumorigenesis, yet definitive results 
remain elusive. The complexity of this relationship, coupled with the 
heterogeneity of cancer subtypes and individual patient responses, 
underscores the need for further rigorous investigation and a 
multifaceted approach to uncover the precise mechanisms driving 
the association between inflammation and cancer. Future research 
endeavors hold promise for shedding light on inflammation and cancer. 
Measuring hematologic parameters like NLR and PLR values during the 
perioperative period is a straightforward and cost-effective practice. 
As a result, they serve as valuable markers for predicting the long-term 


36 


Eurasian Clinical and Analytical Medicine 


outcomes of various malignancies. Meta-analyses have consistently 
shown that elevated NLR ratios in the preoperative phase can serve as 
unfavorable prognostic indicators in solid tumors undergoing curative 
resection (14). He and his colleagues have also demonstrated that 
increased NLR levels are a prognostic factor in metastatic colorectal 
cancers. Furthermore, it has been established that high NLR and PLR 
values hold predictive value for prognosis in adrenocortical cancers 
(15). In our study, we also found elevated NLR values in malignant 
adrenal tumors compared to other groups, although the difference 
was not statistically significant (benign: 2.84 + 1.68, malignant: 3.35 + 
2.09, p: 0460). 

Bagante et al. (15) conducted an investigation using a multi-center 
database and analyzed 84 patients diagnosed with adrenocortical 
carcinoma. Despite the inclusion of data from 13 major centers across 
the United States, the low number of patients reflects the rarity of 
this disease. Their study revealed associations between elevated NLR 
and PLR with larger tumors and the necessity for resecting other 
organs. Notably, an elevated NLR and PLR were both linked to five- 
year recurrence-free survival (both P < 0.05). In multivariate survival 
analyses, PLR remained a predictor of recurrence-free survival (HR 
1.72), while NLR was associated with both disease-specific survival (HR 
2.21) and recurrence-free survival (HR 1.99) (both P < 0.05). 

Mochizuki et al. (16) conducted a retrospective analysis of 59 patients 
diagnosed with adrenal tumors over an 11-year period, including 13 
cases of malignant disease and 46 with benign disease. They found that 
the NLR in malignant adrenal tumor specimens was significantly higher 
than in non-malignant specimens (p = 0.028), with adrenocortical 
carcinoma exhibiting the highest NLR among all adrenal tumors. 
Importantly, in carcinoma cases, the higher NLR group demonstrated 
significantly poorer overall survival than the lower NLR group (p = 
0.032). The authors concluded that a higher NLR indicates a greater 
likelihood of malignancy and suggested that the NLR could serve as a 
novel biomarker for predicting the prognosis of patients with adrenal 
tumors. It is worth noting that, as a limitation of our study, we did not 
investigate the prognosis and survival outcomes of our patient cohort. 
In a more recent study, De Jong and colleagues examined 57 patients, 
26 of whom had hormonally active adrenal cortical masses. There were 
no differences between the two groups in terms of age, gender, and 
tumor characteristics. In this study, both a high NLR [HR = 2.24 (95% Cl: 
1.07-4.70); p = 0.03] anda high PLR [HR = 4.02 (95% Cl: 1.80-8.98): p = 0.001] 
were strongly associated with shorter overall survival in unadjusted 
analyses. The authors concluded that in patients with adrenocortical 
cancer during the preoperative period, elevated NLR and PLR ratios 
shortened overall survival, and high PLR ratios were also associated 
with earlier recurrence (17). Balkwill and colleagues suggested that 
inflammatory cells and cytokines present in tumors are more likely to 
contribute to tumor growth, progression, and immunosuppression in 
the host, rather than eliciting an anti-tumor response (18). Studies have 
shown that as tumor size increases, the likelihood of the lesion being 
malignant also rises (19). In our study, a positive correlation was found 
between lesion size and NLR and neutrophil count [ (r=0.396, p=0.017) - 
(r=0.361, p=0.030) retrospectively J. 

Our study has several limitations that should be taken into account. 
Firstly, it had a retrospective design, and the relatively small sample 
size was primarily due to the rarity of adrenocortical carcinoma (ACC). 
This limitation restricted our ability to conduct specific statistical 
analyses and increased the risk of type Il statistical errors. Additionally, 
we did not include survival data in the analysis, which is crucial for 
assessing prognosis. 

Conclusions 

Immune markers such as Neutrophil-to-Lymphocyte Ratio (NLR), 
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Lymphocyte-to-Monocyte Ratio (LMR), and Platelet-to-Lymphocyte 
Ratio (PLR) may prove valuable for stratifying patients based on the 
types of adrenocortical lesions they have. These markers could 
potentially aid in categorizing patients into different risk groups 
and influencing treatment and follow-up protocols. Given their cost- 
effectiveness and ready availability, they could easily complement 
existing prognostic markers. Thus, further prospective studies, as 
conducted in other malignancies, are needed to explore their utility. 
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